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FATIGUE TESTING SPECIMENS

* Materials Tested
- 2024-T351 & 7075-T651 Aluminum Alloys

* Constant Amplitude Spectrum

- Stress Ratio = 0.1

- Max Spectrum Stress = 25, 20 and 12 ksi
* Specimens Tested (Each Material)

- 2 - ASTM E 647 Specimens — Middle Tension M(T)

" Verification of Test Setup & Results

- 4 - Non Cold Expanded Specimens

® Baseline Crack Growth Behavior

" 0.50” Diameter Open Hole, EDM Corner Notch Fig. 2 Final specimen preparation

for cold expanded specimens.

- 19 — Cold Expanded Specimens

" Tested Configuration

" 0.50” Diameter Open Hole, EDM Corner Notch

" Processed by FTT’s Split Sleeve Cold Expansion™ © Scott S. Carlson




FATIGUE TESTING SET-UP

* Hill AFB Materials Testing Laboratory

* Interlaken 55 kip fatigue machine

* MTS 55 kip hydraulic Wedge grips

HAZARDOUS
PRESSURE

* Instron FastTrack 8800 controller = IREEY

* Visual crack measurements with Gaertner traveling

microscope

Fig. 4 Interlaken 55 kip fatigue machine at
Hill AFB.

Fig. 3 MTS grip set-up with traveling microscopes.
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FRACTOGRAPHY - MACRO

Fig. 5 Fracture surface images of CX 2024-17. [mage taken with a Nikon digital SLR camera with a Nikkor 60 mm lens.
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DATA COLLECTION & PROCESSING

* Visual Crack Measurements

* da/dN Calculated Using the Secant Method

* Stress Intensities Determined Using StressCheck® FEA Models

— Crack Front Geometry Determined Using Marker Band Sequence
— StressCheck Models Developed Based on Observed Geometries
— Stress Intensities Validated with AFGROW

Three Geometries
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Crack Front
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STRESS INTENSITY DEVELOPMENT

* StressCheck® Modeling

— Extract Stress Intensities at Crack Front

* Mesh refinement at crack front

* Contour integral used

* Stress intensities at surface — Develop AK
P

Surface
Crack
Length

Back Surface
Crack Length

Surface Crack Length

Bore Crack Length

Thickness

Plane of Symmetry

Applied
Uniform
Stress

Fig. 7 StressCheck® FEA Models.

thickness elliptical.

Left — corner elliptical; Middle — through thickness P-shaped; nght — through
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DATA COLLECTION & PROCESSING

Delta K (psi*in®.5)

80000 -

70000

60000

50000

40000

30000 |

20000

10000

0, 123x0.024thry
—8—0,138x0.059thru
—&— 0. 152x0 D& Tthru
-—t =0 166x0.075hu j >
—&—0,181x0.077thru |
~6= 01, 198x0,086thry \ WX
—&—(0.223x0.088thru
—6— 1), 240%0. O88thru 7 2N
bt 0,272x0.094thr

——0.305x0.088thru
- =+ 0,353x0.088thru

—=—0.40433x0.0884 3thru
—0.479x0.088thry
~o=0.562x0.226thru
—&— [.653x0.577thru

0 0.05 0.1 0.15 0.2

Y (inches)
(0.00 = Primary Entrance Side)

Fig. 8 Stress intensities for thru cracks from StressCheck for CX 2024-04.
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DATA COLLECTION & PROCESSING

da/dN (inches/cycle)
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Fig. 9 Crack growth rate (da/dN) vs. crack length (a) curve.
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S CORRECTION CALC. PROCESS

* Compare Stress Intensities for Non
Cold and Cold Expanded Specimens
at Given Crack Growth Rates, da/dN

* Based on the Similitude Principle

- “At the same crack growth rate, da/dN, the
same AK applies to the standard specimens
and the configuration being considered.”
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# NONCX7075-1 Primary Surface (25 ksi)
B NONCX7075-2 Primary Surface (20ksi)
A NONCX7075-3 Primary Surface (10 ksi)
® NONCX7075-4 Primary Surface (10 ksi)
O CX7075-6 Primary Surface (25ksi)

=&—Mean NONCX

AK (ksi*in'2)

© Scott S. Carlson



12

2024 & 7075 f CORRECTION PLOT

@ (X 7075-05 EDM Entrance Surface (25 ksi)

B CX 7075-06 EDM Entrance Surface (25 ksi)

0.6

Al 7075-T651

A CX 7075-18 EDM Entrance Surface (25 ksi)

0.4

® CX 7075-14 EDM Entrance Surface (20 ksi)

T CX 7075-15 EDM Entrance Surfa_cc (12 ksi)

O (CX 2024-04 EDM Entrance Surface (25 ksi)

EDM Entrance Surface Beta () Correction

Al 2024-T351

0.2

OCX 2024-15 EDM Entrance Surface (25 ksi)

A (CX 2024-17 EDM Entrance Surface (25 ksi)

X CX 2024-19 EDM Entrance Surface (12 ksi)

0 0.2 0.4 0.6

EDM Entrance Surface Crack Length (inch)
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FATIGUE LIFE PREDICTIONS

ACX 2024-04

®(CX 2025-15

M (X 202417

OAFGROW w/ IFS 0.05 in

© AFGROW w/ IFS 0.005 in

X AFGROW Prediction w/ CX Beta Correction

>

<
o

USAF Current Approach Predictions

Test Data

e
w

e
(IS}

5]
]
&
i
=]
wn
<]
Q
=1
(]
i
—
=
=
a
=
=
=}
=
~
on
=
Q
o
4
]
]
St
Q

2
1 o o
ERE000CDOOPOC OO O O © O’J

:

Beta Correction Prediction

T T T T T T 1

100,000 200,000 300,000 400,000 500,000 600,000 700,000 800,000

Cycles

13 © Scott S. Carlson



FATIGUE LIFE PREDICTIONS
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Fig. 12 Zoomed in view of fatigue crack growth behavior comparison of AFGROW with varying IFS and testing data
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DISCUSSION

* Need for More Accurate Crack Growth Predictions

- Increased confidence in prediction = reduced risk

- Possibility to increase time between inspection = § Savings
* Data Provided for Constant Amplitude Loading

- Working on spectrum loading derivation
* Testing for Cold Expansion f Corrections

- Other processes have need to be modeled and corrections

produced
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QUESTIONS?
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